Background: There are many physiological and psychological factors, which affect sensitivity to pain in children afflicted with ALL. The main purpose of this study was to evaluate the relation between salivary cortisol and sensitivity to pain, and also study the role of age and gender.
Introduction
Children with cancer often suffer from unpredictable and uncontrollable pain. This usually drives the child and his/her family to a desperation, despondency, and distress [1] . A wide variety of diagnostic methods as well as painful and aggressive treatments are administered to children with Acute Lymphoblastic Leukemia (ALL). Above all, the most painful treatments such as injections and especially bone marrow transplantation provoke anxiety and avoidance reactions in pediatric oncology cases [2] . A painful medical process induces a wide variety of reactions in children, from avoidance reactions to a loud cry due to pain [3] . The first experience of pain may create a vicious cycle for subsequent painful experiences. The first experience of pain is along with an anxious state and anticipation of terrible experience in the similar situation [4] . Laboratory studies have also confirmed that there are obvious individual differences in reaction to pain [5] . The important point is such individual differences tend to remain constant over the time [6] .
There is often a significant relationship between reaction to painful stimuli and child's temperament. For instance, difficult children have stronger reaction to pain [7] . Studies have revealed that a marked increase of cortisol levels has been observed in children undergoing aggressive treatments [8] . The cortisol level is a key concept in evaluation of sensitivity to pain. Accordingly, in this study alongside the exploring of the individual differences (age and gender) we have also scrutinized the key role of the cortisol level.
Selye proposed that level of sympathetic system activity is an opposite yardstick for the study of emotional state of individuals [9] . One of the ways to study the level of sympathetic activity is to measure the cortisol level. For instance, when anxiety is heightened, the cortisol level also increases correspondingly [10] .
A number of studies have assessed the blood cortisol level changes from a developmental perspective. The activity of the HypothalamicPituitary-Adrenal (HPA) axis is very intense in children; however, it develops a downward trend until puberty. Researchers believe that the intensity in children's sympathetic nervous system activity is due to this fact that children at the start respond equally to both new stimuli and threatening stimuli; however, over the time, they learn to differentiate the differences between such stimuli and therefore to respond properly [11] .
According to the relevant studies, those children who were more exposed to environmental changes demonstrated a higher activity of the HPA axis. A number of studies have indicated that those children who from the beginning have under activity or over activity of the HPA axis and the level of such activities remain either constant or gradually increase over the time are considered to be emotionally negative and socially isolated [12] .
The activity of the HPA axis is also affected by cancer and its treatment. Radiation therapy is the common cause of irreversible thalamic dysfunctions in cancer patients while there has been no evidence to show that chemotherapy has lasting effects on the HPA axis [13] .
Some studies have confirmed that there is a significant difference in reaction to pain between the two genders. For example, Arbuckle [14] by using the behavioral checklist observed that girls have stronger reaction to pain in compare to boys. The role of age in sensitivity to pain is a controversial issue, some researchers like Dao and Le Resche [15] have shown that sensitivity to pain decreases with increasing age; however, other researches [16] have revealed that age plays no role in sensitivity to pain. However, children at a very early age make a poorer adjustment to pain [16] .
Materials and Methods

Participants
Seventy-eight children (33 girls, 45 boys) with Acute Lymphoblastic Leukemia (ALL) participated in this study. Potential participants were selected randomly from the list of Outpatient Chemotherapy Room of Mahak Children's Hospital and Hematology-Oncology Research Center. Eligibility requirement for entry into the study were: (1) children between the ages of 3 and 12 years (2) diagnosed with Acute Lymphoblastic Leukemia (ALL) (3) underwent chemotherapy, and (4) having identical protocol treatment. The patients, who went to the hospital early in the morning in order to receive chemotherapeutic drugs, were enrolled in this section. All patients received standard induction chemotherapy according to the NOPHO-92-ALL protocol. 
Paradoxical pain reactivity
Children with cancer rarely show apparent pleasure reaction to a painful stimulus (such as smiling or laughing). This reaction reflects denying pain.
Type 2
Absence of pain reactivity
Absence of any reactions described in class 5 with absence of nociceptive reflexes (such as absence of hand-withdrawal reflex or absence of arm-withdrawal reflex from the needle during taking chemotherapy).
Type 3
Hypo reactivity to pain
Children with cancer sometimes show endurance of pain because of increasing psychological resiliency during their illness. After noxious stimuli, the following possible abnormalities are observed: incomplete pain reactivity compared to class 4, abnormally delayed reaction time.
Type 4
Normal pain reactivity
After painful stimuli the following reactions are observed: cries, screams, moaning, grimaces, reflexes of nociceptive withdrawal, lack of movement, body orientation and glance towards the painful area (e.g. glance towards the venipuncture or sometimes away from it).
Type 5
Hyper reactivity to pain Disproportionate cries and screams given the painful stimulus (hypersensitive).
Prednisolone was administrated 60mg /m²/day for 5 weeks, tapering over 9 days. All parents along with their children were in the chemotherapy room and tried to relieve their pain. In the other words, they played role of an external emotion regulator.
Measures Behavior Scales of Sensitivity to Pain for Children (BSSPC)
The BSSPC incorporate a rating of the intensity, frequency, and duration of each behavior as a behavior checklist. The scales assess the degree of distress caused by injection pain as well as the intensity of reaction to injection pain felt by children. This test can be carried out by a physician assistant, parents, or a researcher. Regarding the observed behavior, this could be scored from 1 to 10 on this scale. Score 1 indicates that the child is in a totally relaxed state while score 10 indicates a completely distressed state or incapacitated as the patient is too enervated to show any endurance. Some examples of rating items of this scale: children react by nonverbal expression of anxiety such as frowning and turning their face away or cry loudly and act aggressively toward the medical staff.
In order to assess the reliability of this test, the relation of the behavior scale for sensitivity to pain was examined using a Visual Analogue Scale (VAS) and a behavioral checklist, which both measure the sensitivity to pain. The Corenbach's α for each test was 0.84 and 0.89 respectively, indicating that both are desirable values. For assessing the validity of this test, the reaction to pain was measured and analyzed in 25 participants who came to the hospital twice in a week to receive the chemotherapy drugs intravenously. After twice running the test, the correlation coefficient was acceptable (r=0.78; p=0.001).
Pre-Linguistic Behavioral Pain Reactivity Scale (PL-BPRS)
The PLBPRS assesses behavioral pain reactivity by rating the patients' apparent and observable reactions to noxious stimuli. This scale is qualitative, categorizing behavioral pain reactivity in 5 classes summarized in Table 1 . The PL-BPRS has been previously found to be reliable and valid for assessment of pain reactivity in children [17] . This scale takes point from 1 to 5.
Cortisol
The measurement of cortisol in saliva reliably reflects physiologically active free cortisol levels in blood, since unbound plasma cortisol diffuses easily from blood to saliva. Salivary samples were collected using the Salivette system from Sarstedt, and then centrifuged. Cortisol kits were refrigerated until retrieved by a research assistant and measured by radioimmunoassay employing commercial reagents from Diagnostic Systems Laboratories, inc. Samples were stored at 50C until using EIA kits from Salimetrics, Inc. The intra-assay coefficients of variation were 3.1 and 0.7% for low and high controls, and inter-assay values were 3.04 and 1.6%, respectively. Mean (range) morning salivary cortisol in a control group of healthy children was 11.5 (1.3-27.7) nmol/l. The value of 12 nmol/l for the lower limit of a normal stimulated cortisol in saliva was chosen as all patients tested at baseline had a normal stimulated s-cortisol > 500 nmol/l and a stimulated cortisol in saliva > 12 mol/l.
Results
Participants in this study were between 3 and 12 years old (M=7.29; SD=2.89); 57.7% of them were boys. Average salivary cortisol level was (M=16.7; SD=13.1). In addition, based on the cortisol levels, the participants were divided into three levels of cortisol, namely high, low, and normal found on experimental standard. Table 1 shows frequency and percentage of participants based on their gender and cortisol category. Table 3 shows a high correlation between cortisol level (CL) and both scales of sensitivity to pain (BSSPC×cl=0.89; p<0.001 and PL-BPRS×cl=0.93; p<0.001).
Adjusted regression analysis was used to find out whether gender and age can modify the relationship between cortisol level and sensitivity to pain.
According to Table 4 , when the dependent variable is sensitive to pain, model 1 indicates gender and then age predicts cortisol level (gender: F=515.369; p<0.001 and age: F=104.264; p<0.001). Model 2 indicates gender and cortisol level as predictor variable and could modify sensitivity to pain (F=726.029; p<0.001). In addition, when age and cortisol level are predictor variables, they could modify sensitivity to pain (F=67.676; p<0.001).
The results of regression analysis of model 1 in Table 5 indicate that the relationship between gender and cortisol level with sensitivity to pain is 0.539, which explains 27 percent of the variance of reaction to pain. Model 2 shows the relationship among predictor variables (cortisol level and gender) and sensitivity to pain after application of gender as a moderator variable. Comparison between models 1 and 2 reveals that gender increases R2 to 62.7% which is significant (∆F=565.95; p<0.001).
In Model 1 the results of regression analysis of age variable indicate that the relationship between age and cortisol level with sensitivity to pain is 0.858 which explains 72 percent of the variance of sensitivity to pain. Model 2 shows the relationship among predictor variables (cortisol level and age) and sensitivity to pain after adding age as a moderator variable. Comparison between models 1 and 2 demonstrate that age increases R2 to 58% which is significant (∆F=491.074; at p=0.002). Table 6 shows the standard and nonstandard regression analysis coefficients based on models 1 and 2.
Regression coefficients in model 1 demonstrate that the predictor variables of cortisol level (β = 0.501, t = 4.976) and gender (β = 0.106, t = 1.056) can significantly explain the variance of sensitivity to pain. Also, regression coefficients in model 2 demonstrate that cortisol level (β = 0.153, t = 4.072), gender (β = 1.030, t = 23.790), and the adjusted effect of gender (β = 1.030, t = 23.790) significantly explain the variance of sensitivity to pain. In other words, when the level of cortisol increases, sensitivity to pain increases too; besides, being a girl explains more about sensitivity to pain.
In this study, code 1 was assigned to the variable girl and code 2 to the variable boy; negative score in gender demonstrates that as the scores move toward 1 which is a being a girl their moderating Table  7 regression coefficients in model 1 demonstrate that the predicator variables of cortisol level (β = 0.504, t = 8.986) and age (β = 0.675, t = 11.364) can significantly explain the variance of sensitivity to pain. Regression coefficients in model 2 demonstrate that the cortisol level (β = 0.508, t = 8.263) and age (β = -0.680, t = -10.974) have become significant in relation to sensitivity to pain at the level of 0.001; also, the adjusting effect of age (β = 1.030, t = 23.790) shows significant in relation to sensitivity to pain.
Conclusion
This study demonstrated that pain sensitivity is associated with cortisol level. According to the findings of this study, 14.1% of the participants experienced an elevated level of cortisol. These findings also confirm the results of other studies about high-level injection phobia in children with cancer [18] . A conditioned fear causes to keep the cortisol level high. When children are faced to a new (unfamiliar) or threatening situation, until normalization will take place, cortisol is increasingly secreted [19] . Chemotherapy room as a threatening situation is a cue for experiencing of pain. For children with genetic vulnerability, reaction to pain resumes with encounter to these kinds of cues.
According to the results, 61.5% of the participants exhibited a normal level of cortisol. The findings are in compliance with the other studies confirming that children with cancer show a good adjustment [20] . Some research studies have demonstrated that children with cancer show normal emotional responses and even outperform their healthy peers. Phipps [21] Dejong and Vannatta, Gartste and Noll [22] , and Bennett [23] showed that children with cancer displayed milder anxiety symptoms and depression. Normal cortisol level confirms these findings. There are also other theories that contribute to the explanation of this phenomenon. For example, children may have devolved a learned helplessness because of the inevitability of painful treatments. Such helplessness makes children succumb instead of confrontation or escape, which in turn keeps the cortisol level low. Selye [9] pointed out that sympathetic system activity is provoked by the necessity to produce fight-or-flight response. If fightor-flight response is evaluated inoperative, cortisol level will not rise.
A small number of participants (24.4% which is meaningful) exhibited a low-level cortisol. Chemotherapy drugs are responsible for cortisol suppression [24] and cortisol suppression is responsible for low level of vitality in children with cancer in compare to peers [25] . A decrease in salivary or blood cortisol rate leads to negative memory impairment. The children with Acute Lymphoblastic Leukemia recalled less negative than positive pictures in compare to healthy children [26] . However, carefully controlled experiments are needed to detect cause(s) of cortisol suppression.
The results of this study suggest that gender plays a moderating role in the relation between cortisol [27] . A wide variety of factors can contribute to this difference for instance, the irritability of nerve cells increases the number of nerve receptors in skin [28, 29] .
The second goal of this study was to conduct an analysis to assess whether age and gender can moderate the relation between pain sensitivity and cortisol level. Based on the findings of this study, younger children and girls showed a higher sensitivity to pain. It seems these participants have more biological preparedness for more severe reaction to pain. Evidence from recent epidemiologic studies clearly demonstrates that girls are at substantially greater risk for many clinical pain conditions, and there is some suggestion that postoperative and procedural pain may be more severe among girls than boys [30, 31] . Girls rated their chronic pain as more intense on a VAS than boys [32] .
According to the findings of this study, there is a discrepancy between the cortisol level and sensitivity to pain of boys and girls. Parents exert different parenthood styles to boys and girls. They give extra attention to reactions to pain made by girls and also they reinforce such reactions and their continuation. It seems that emotion regulation styles are different in boys and girls. Girls conceivably eliminate the negative effect of such emotions through externalization of negative emotions while boys minimize negative emotions through trivializing their pain. The findings of this study indicate that age is important in sensitivity to pain as well.
Tordjman et al [33] showed that age was associated with reaction to pain negatively. Younger children reported more anxiety and heart rate as well as marginally higher procedural anxiety and observed distress. However, other studies could not find a significant relation between age and pain [34] . This gap originates from the range of age in different studies. Children under one year old are vulnerable to distress when they experience intolerable pain due to psychological issues such as serious attachment impairment.
Some considerable evidences emphasize that sensitivity to pain and its distress remains constant over the time [35] therefore, it is necessary to find interventions to control distress resulting from sensitivity to pain. One of the limitations of this study was a relatively small number of participants, so it is recommended that in addition to study a larger statistical population, the roles of other factors influencing sensitivity to pain in children with cancer should be evaluated.
